A series of mono-and bis-salicylaldimine ligands and their corresponding Rh(I) complexes were prepared.
Introduction
Malaria remains one of the most prevalent parasitic diseases worldwide. 1 According to the World Health Organisation (WHO), 198 million cases of malaria were reported globally, of which 584 000 deaths were documented in 2013. 2 The most serious malarial infections are due to Plasmodium falciparum. This particular parasite rapidly develops resistance against various antimalarial treatments. Chloroquine, one of the most commonly used drugs, has been rendered less effective as a result. 3 Currently, artemisinin combination therapy is the main treatment for this disease and involves the concurrent use of an artemisinin-based drug and a second drug. Combination therapy is employed to delay the onset of resistance, but there have been reports of artemisinin resistance in certain parts of the world. [4] [5] [6] Since many of the current treatments are at risk of becoming obsolete, there is a need to discover alternative therapies. A metal-based candidate, ferroquine (FQ), has demonstrated the ability to overcome resistance experienced by its parent compound, chloroquine (CQ). 7 Ferroquine exhibits potent in vitro and in vivo activity against various chloroquine-sensitive and chloroquine-resistant strains of Plasmodium. 8, 9 It has also very recently completed phase IIb clinical trials. 10 The clinical success of ferroquine provides scope for the use of metal-based drugs in malaria therapy. Many analogues of ferroquine have since been reported. [11] [12] [13] Another metal-based chloroquine complex that exhibited promising antiplasmodial activity against Plasmodium parasites is [RhCl (COD) CQ], where COD = 1,5-cyclooctadiene (Fig. 1a) . This particular complex was one of the first organometallic complexes screened against malarial parasites and was reported by Sánchez-Delgado et al. 14 This complex reduced parasitemia more than CQ when examined in vivo.
14
Since then, only a few examples of Rh(I)-CQ complexes have been reported in literature. [11] [12] [13] For example, rhodium complexes of ferroquine display moderate activity when evaluated in vitro. 15 Ruthenium quinoline complexes have also generated interest as potential antimalarials. A binuclear ruthenium chloroquine complex [RuCl 2 (CQ)] 2 was evaluated and found to display potency against P. berghei, showing greater activity than CQ. 14 Ruthenium p-cymene quinoline complexes have also been tested against various plasmodial strains. 16 In these cases, the ruthenium moiety is not bonded to the quinoline nitrogen, but is coordinated to the ligand in a bidentate manner in the side chain. One of the complexes, a salicylaldimine quinoline, shown in Fig. 1b , exhibited promising activity against a CQ-sensitive strain of P. falciparum.
16
Trichomoniasis is a very common sexually transmitted parasitic disease caused by Trichomonas vaginalis. The disease is easily treatable but can spread, causing individuals to be susceptible to other diseases, including cancer and HIV. [17] [18] [19] [20] [21] Drugs such as metronidazole and tinidazole are commonly used 5-nitroimidazoles often utilised to treat these infections. 22, 23 However, the current FDA-approved treatment, metronidazole, has been found to be less effective in some patients due to resistance. 24, 25 There has recently been an interest in obtaining suitable alternatives for treating this infection. 25 Metal complexes have also recently generated interest as potential antitrichomonal agents. These include complexes of palladium, ruthenium and rhodium. 26, 27 Multinuclear metal complexes have also been observed to exhibit antiparasitic activity against the T. vaginalis parasite. 28 Encouraged by the afore-mentioned results, we investigated the antiparasitic activity of a series of mononuclear and binuclear rhodium(I) chloroquine complexes. It has been observed for many systems that increasing the number of active moieties results in enhanced biological activity. [29] [30] [31] [32] [33] [34] The binuclear complexes prepared in this study are based on a polyamine scaffold. Polyamine-based compounds have been observed to exhibit enhanced uptake in plasmodium-infected erythrocytes. 35 It was expected that the polyamine-containing systems impart beneficial effects on antiplasmodial activity, specifically in CQ-resistant strains of P. falciparum. The polyamine-based systems could possibly also positively influence antitrichomonal activity, as increased lipophilicity appears to coincide with favourable activity. 27, 28 This study aimed to address the influence of various characteristics on the potency and ability of the compounds to overcome resistance. These characteristics include the introduction of polyamine scaffolds, multinuclearity, varying substituents on the salicylaldimine moieties, size and lipophilicity. In addition, β-haematin inhibition studies were carried out to gain deeper insight into a possible mechanism of action. The cytotoxicity of these compounds has also been investigated in order to establish parasite selectivity.
Results and discussion

Synthesis and characterisation
Rhodium(I)-quinoline complexes were prepared from monoand bis-salicylaldimine ligands. Salicylaldehydes including 5-chlorosalicylaldehyde, 3-methoxysalicylaldehyde and salicylaldehyde were used to afford three monomeric and three dimeric salicylaldimine ligands (Scheme 1). The mono-salicylaldimines were prepared by Schiff-base condensation between N′-(7-chloroquinolin-4-yl)-propane-1,3-diamine 36 (1) and the various aldehydes in diethyl ether to afford 2-4 as yellow amorphous solids. The bis-salicylaldimines were prepared from N-(7-chloroquinolin-4-yl)-tris(2-aminoethyl)amine 37 (5) and the afore-mentioned aldehydes in ethanol to afford 6-8 as yellow powders. Since the quinoline nitrogen plays an important role in antiplasmodial activity, 38 it was decided to incorporate the metal fragment in the lateral side chain of these ligands. Since the phenolic protons of the ligand are only mildly acidic (pK a ∼ 9, estimated using MarvinSketch V5.9.4), stirring the ligand in the presence of a strong base, such as NaH results in deprotonation of the phenolic proton. Upon addition of the metal precursor, the expected bidentate coordination is afforded. Complexes 9-14 were obtained in moderate yields (52-79%) by reaction of 2-4 and 6-8 with [RhCl(COD)] 2
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(where COD = 1,5-cyclooctadiene) (Scheme 2). The mononuclear complexes (9-11) were obtained by reacting 1 equivalent of the rhodium dimer with 2 equivalents of the appropriate ligand, while the dinuclear complexes 12-14 were Scheme 1 Synthesis of mono-salicylaldimine quinoline ligands (2-4) and bis-salicylaldimine quinoline ligands (6) (7) (8) obtained by reaction of the ligand and dimer in a 1 : 1 stoichiometric ratio.
The formation of Schiff-base ligands 2-4 and 6-8 was confirmed by the presence of a singlet in the 1 H NMR spectra of these ligands in the region of 7.9-8.3 ppm attributed to the imine proton. Complexation was confirmed by an upfield shift of the imine signal compared to the free ligand. The resonance for the phenolic proton was absent in the spectra of the complexes. This suggests coordination in a bidentate manner to the imine nitrogen and the phenolic oxygen. In addition to this, in the 1 H NMR spectra of complexes 9-14, four distinct resonances for the protons of the COD moiety were observed. This is very different compared to the spectrum of the [RhCl-(COD)] 2 precursor, which only exhibits three signals for the COD protons. In these complexes, the methylene protons of the COD moiety exhibit non-equivalence. The exo and endo methylene resonances were assigned at approximately 1.8 and 2.3 ppm, respectively. Two multiplets for the olefinic protons of the COD moiety appeared at approximately 3.6 and 4.5 ppm. The appearance of two multiplets rather than one (in the precursor), further supports N,O coordination. The appearance of the two multiplets was attributed to the trans effect induced by the different N and O environments. The spectra of the complexes were consistent with similar N,O-Rh(I) complexes. [40] [41] [42] [43] [44] In the 13 [40] [41] [42] [43] [44] The most obvious difference between the infrared spectra of the ligands and the complexes was that two absorption bands were observed for the two different CvN environments in the ligand spectra. An absorption band for the Schiff-base CvN stretching frequency appeared between 1631 and 1648 cm −1 , while the absorption band for the quinoline CvN stretching frequency appeared between 1609 and 1615 cm −1 .
In the case of the complexes, one absorption band was observed upon coordination. was observed in the spectra of these compounds confirming preparation of the desired compounds.
In vitro antiparasitic activity against Plasmodium falciparum
The antiplasmodial activity of the salicylaldimine ligands 2-4, 6-8 and their corresponding complexes 9-14 were evaluated in vitro against two strains of P. falciparum, i.e. the NF54 chloroquine-sensitive and K1 chloroquine-resistant strain in order to identify any effects of the polyamine scaffold, multinuclearity and salicylaldimine substituent on antiplasmodial activity. Chloroquine (CQ) and ferroquine (FQ) were used as reference drugs. The data obtained from this study are given in Table 1 . The monomeric salicylaldimine ligands 2-4 showed good activity against the NF54 strain of P. falciparum, exhibiting IC 50 values well below 1 µM. The activity observed for these compounds are comparable to chloroquine (IC 50 = 25 nM) and ferroquine (IC 50 = 33 nM) in this strain. The dimeric salicylaldimine ligands (6) (7) (8) were less active than their monomeric counterparts (2-4). The corresponding rhodium(I) COD complexes were prepared in order to establish whether incorporation of the metal moiety is beneficial for antiplasmodial activity. This was done in the light of the Rh(I) complex shown in Fig. 1a , which reduced parasitemia to a greater extent to CQ in vivo and which further supports the use of Rh(I) in this investigation.
14 Other Rh(I) complexes of CQ have also exhibited promising in vitro behaviour against both CQ-sensitive and CQ-resistant strains of P. Falciparum. 15, 46, 47 In general, the mononuclear complexes were slightly less active than their corresponding ligands, yet the compounds still maintained good activity. Complex 14 was approximately 1.8 times more active than its corresponding ligand and is the most active binuclear complex. Although the activity observed for the complexes prepared in this study cannot be compared directly to that of the CQ derivative evaluated by Sànchez-Delgado et al.
14 (since different species of Plasmodium were used), it was observed that the mononuclear complexes 9-11 showed comparable activity to this complex (IC 50 values between 91 and 160 nM). Thus, the quinoline moiety appears to be the pharmacophore responsible for the activity of these compounds, since the free ligands also exhibited good activity. Similar trends in activity were observed for the K1 CQ-resistant strain. The monomeric ligands 2-4 were the most active, while the dimeric ligands, mononuclear complexes and binuclear complexes exhibited activity in the same range (1300-2900 nM).
Scheme 2 Synthesis of mono-salicylaldimine Rh(I) quinoline complexes (9-11) and bis-salicylaldimine Rh(I) quinoline complexes (12) (13) (14) . (i) Ligand (2 eq.), excess NaH, [RhCl(COD)] 2 (1 eq.), DCM, 3-6 h, r.t; (ii) Ligand (1 eq.), excess NaH, [RhCl(COD)] 2 (1 eq.), DCM, 5-6 h, r.t.
Overall, the dimeric ligands and binuclear complexes showed improved activity in the resistant strain compared to the sensitive strain. Table 1 gives the resistance indices (RI) for all of the tested compounds. Ligands 2-4 and complexes 9-11, which contain one salicylaldimine moiety, exhibited larger RI values compared to the dimeric salicylaldimine compounds 6-8 and 12-14. Ligands 2-4 and their corresponding complexes 9-11 displayed similar antiplasmodial behaviour to CQ. This suggests that incorporation of the polyamine scaffold is beneficial for overcoming CQ-resistance. The dimeric ( polyamine) compounds showed similar or enhanced activity in the resistant strain compared to the sensitive strain which appear to follow a similar activity profile to ferroquine. The improved activity of ferroquine against resistant strains is a consequence of its more lipophilic character. 9, 48 The predicted log P and log D (pH 7.4 = erythrocyte; pH 4.7 = digestive vacuole) values of selected compounds are presented in Table 1 . Generally, the monomeric ligands 2-4 exhibit lower log P and log D 7.4 values compared to their dimeric counterparts 6-8. The addition of the metal fragment to the ligands results in an overall increase in the lipophilicity of the complexes compared to the free ligands. The log P value of the 1,5-cyclooctadiene moiety was predicted to be 2.83 using MarvinSketch V5.9.4. Once the compounds reach the digestive vacuole (DV) of the parasite, protonation of the amino groups can occur, which in turn lowers the lipophilicity of these compounds. In comparison, the monomeric ligands have greater log D 4.7 values than the dimeric systems. This can potentially allow for greater efflux of these monomers out of the DV compared to the dimeric compounds, and therefore they have lower activity in the resistant strain compared to the sensitive strain.
β-Haematin inhibition activity
Haemozoin remains an important target for the development of potential antimalarials. Since many quinoline compounds, including chloroquine, are believed to inhibit haemozoin crystal growth, it was expected that the compounds prepared in this study would act by the same mechanism. When chloroquine reaches the digestive vacuole, it binds to a toxic product of haemoglobin degradation known as haematin (ferriprotoporphyrin IX) and prevents conversion into haemozoin, which is less toxic. A build-up of haematin results in damage to the parasite. Some studies suggest that haemozoin itself is the target of antimalarials. 49, 50 An NP-40 detergent-mediated assay was used to establish if these compounds inhibit β-haematin (synthetic haemozoin) formation. 51 The amount of β-haematin formed was quantified using a colorimetric pyridine ferrochrome method developed by Ncokazi and Egan. 52 Research suggests that haemozoin formation is not a spontaneous process and that haem crystallization occurs in the presence of neutral lipids. 53, 54 The neutral detergent, NP-40, was used to mimic lipids and mediates β-haematin formation in the assay. The ligands (2-4 and 6-8) and complexes (9) (10) (11) (12) (13) (14) were screened in order to elucidate a possible mechanism for their antiplasmodial activity and the results are depicted in Fig. 2 . The monomeric ligands 2-4 exhibited the lowest β-haematin inhibition activity of all of the tested compounds and showed similar β-haematin inhibition activity to chloroquine. The dimeric ligands (6) (7) (8) were approximately twice as active (IC 50 = 33-35 µM) compared to their monomeric counterparts. The R group appeared to have little to no significant effect on β-haematin inhibition in the case of the dimeric compounds. The higher activity confirms that these compounds inhibit β-haematin crystallization to a greater extent compared to the monomeric ligands in this assay.
The mononuclear complexes 9-11 exhibited enhanced activity compared to their corresponding ligands. The binuclear complexes 12-14, showed similar activity to their respective ligands. Most of the mononuclear complexes showed similar activity to the binuclear complexes. It appears that Table 1 In vitro antiplasmodial activity and resistance indices of compounds 2-4, 6-8, 9-14, CQ and FQ against the NF54 CQ-sensitive and the K1 CQ-resistant strains of P. falciparum incorporation of the metal fragment as part of these systems results in enhanced β-haematin inhibition activity. This may be a consequence of the geometry of the metal fragment and increased lipophilicity. The complexes possess a square planar geometry about the metal centre, which introduces a planar system about the salicylaldimine moiety. This may favour interactions with haem, which may be a reason for the increased β-haematin inhibition activity.
A plot comparing log IC 50 and molecular weight is shown in Fig. 3 . Compounds with similar molecular weights behave similarly. The monomeric ligands (2-4) have molecular weights in the range of 339-373 g mol −1 . These compounds were the least active and gave log IC 50 values of approximately 1.9. Compounds 6-11, which are the dimeric salicylaldimine ligands and mononuclear complexes, have molecular weights in the range of 515 and 583 g mol −1 . These compounds gave log IC 50 values of approximately 1.5. Compounds 13 and 14 were the most active and had large molecular weights. Based on this, a relationship between the size of the compound and its ability to inhibit β-haematin formation is postulated. This has been observed for multimeric quinoline thioureas as well. 28 The mononuclear complexes showed improved β-haematin inhibition in comparison with their ligands while the dimeric ligands, mononuclear complexes and binuclear complexes exhibited comparable β-haematin inhibition activity. No simple correlation between β-haematin inhibition and antiplasmodial activity was observed, however. The monomeric ligands (2-4) were the most active compounds in both the NF54 CQ-sensitive and K1 CQ-resistant strains, but these compounds were the least effective β-haematin inhibitors. In addition to this, the least active compounds (dimeric salicylaldimines) in vitro displayed the best β-haematin inhibition.
Although it might be expected that the antiplasmodial activity would be related to a compound's ability to inhibit haemozoin formation, it must be remembered that the ability of the drug to be transported into the digestive vacuole and accumulate therein is an important factor that influences antiplasmodial activity. 55 The strongest inhibitors of β-haematin formation in this assay are not necessarily the best inhibitors inside of the DV. The concentration of the compounds in the DV is greatly affected by its log P as well as the pK a of protonatable sites. In this case, the lipophilicity at pH 7.4 would affect the transport of the compounds across membranes. Since it is higher compared to their monomers, less of the compound would expected to be taken up due to increased membrane-drug interactions. This may be why low activity is observed in the parasite, but a greater β-haematin inhibition activity is observed in the detergent-mediated assay. Lack of correlation has been observed for similar quinoline systems but the mechanism responsible for the activity is believed to be via β-haematin inhibition.
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In vitro cytotoxicity
All of the synthesized compounds and CQ were also screened against WHCO1 oesophageal cancer cells, to determine the cytotoxicity of these compounds. To be considered as antiplasmodial, the compounds should exhibit selectivity towards malaria parasites, with minimal cytotoxicity directed at host cells. The results pertinent to this study are depicted in Table 2 . The tested compounds showed moderate cytotoxicity against this cell-line in the same range as cisplatin, a commonly used chemotherapeutic agent (IC 50 = 13 .0 µM). 56 CQ also exhibited similar cytotoxicity to the synthesised compounds. The dimeric salicylaldimine compounds 6, 8 and 13 exhibited the highest cytotoxicity. With the exception of the monomeric 3-OMe salicylaldimine ligand (3), the monomeric salicylaldimines exhibited slightly lower cytotoxicity compared to the dimeric derivatives. Studies carried out on polyamines reveal that these systems are capable of transporting cytotoxic drugs into tumor cells. 57 Tumor cells are able to import polyamines by means of a polyamine transporter (PAT) in order to sustain their growth. The transporter is also able to tolerate modified polyamines, therefore drug-incorporated polyamines may be able to penetrate tumor cells via the PAT. 58 The dimeric salicylaldimines are considered to be polyamines because they contain more than one amino group. This could be a reason for the enhanced activity of some of these compounds in this cell-line. Many traditional quinoline-containing antimalarials, including chloroquine, have also been investigated as antitumor agents against human breast cancer cells and exhibited moderate activity. 59 There are examples of systems where anticancer activity appears to be a size-dependent phenomenon. Dendritic ruthenium arene compounds have been shown to display a similar effect. The multimeric systems show enhanced activity to monomeric systems. 30, 31 Multimeric quinoline thioureas also exhibited a size dependent increase in activity. 28 Complex 13 is the most active compound of the series. Generally, the metal complexes exhibited slightly lower cytotoxicity compared to the free ligands. Selectivity indices (SI) were calculated for these compounds for both the chloroquine-sensitive strain (NF54) and the chloroquine-resistant strain (K1) of P. falciparum ( Table 2 ). The monomeric ligands (2-4), complexes (9-11) and CQ showed high selectivity towards the NF54 strain, giving rise to large SI values. These values are lowered when compared to the K1 strain as these compounds exhibit decreased activity in this strain. The dimeric ligands and complexes displayed low SI values less than 10 which suggests that the antiplasmodial activity is comparable to the activity against the WHCO1 cellline, suggesting little to no selectivity. This insinuates that these compounds may act by a cytotoxic mechanism in the parasite as well.
In vitro antiparasitic activity against Trichomonas vaginalis
The salicylaldimine ligands and their complexes were screened against the G3 strain of Trichomonas vaginalis (T. vaginalis).
The data obtained for this study are presented in Table 3 . All of the compounds, including metronidazole, were screened at a concentration of 50 µM. Five of the compounds exhibited more than 50% parasite inhibition at the tested concentration. The 5-Cl salicylaldimine compounds 6, 9 and 12 exhibited the best activity in each respective series, with the binuclear complex (12) exhibiting the best activity overall, comparable to metronidazole at the tested concentration. Comparing the activity of the ligands, it appears that incorporation of the tris-(2-amino)ethyl amine scaffold is only beneficial in the case of the 5-Cl derivative. There appears to be a synergistic effect between this scaffold and the 5-Cl moiety. The compounds containing the 5-Cl motif (with the exception of 2) showed enhanced activity compared to the compounds where R = 3-OMe and R = H. Metronidazole is a 5-nitroimidazole compound and its activity appears to be dependent on the presence of the electron-withdrawing NO 2 group. 60 The electron-withdrawing 5-Cl moiety may impart a similar biological effect as the 5-NO 2 group for metronidazole. It has been suggested that free radical production is a possible mode of action for this drug. 60 The chlorido substituent has been shown to enhance the antiparasitic activity of some metal-containing compounds towards trichomoniasis. For example, palladium(II) thiosemicarbazones containing this group showed considerable parasite inhibition against the T1 strain of T. vaginalis. 26 In a separate study, ruthenium-arene thiosemicarbazone complexes possessing a chlorido moiety on the aryl ring showed promising activity against the G3 strain. 27 Incorporation of the cyclooctadiene moiety as part of the complexes also further increases lipophilic nature which may in part be attributed to the enhanced activity of selected complexes. A study of the biological activity of compounds against T. vaginalis reveals lipophilicity to play an important role. This has been observed in cases where ferrocene-containing compounds showed enhanced parasite inhibition against T. vaginalis compared to analogous organic derivatives. 28 2-Pyridyl pyrimidines were tested for their antiplasmodial and antileishmanial activity and showed a correlation between increased lipophilicity and higher activity. 61 In a separate study, lipophilic tetracyclines exhibited enhanced parasite growth inhibition over non-lipophilic derivatives against various strains of T. vaginalis. 62 In these cases, the increased lipophilicity aids in the transport of the compounds across membranes, with a concomitant accumulation of the drug. Compounds 9, 12 and 13 showed parasite inhibition greater than 80%. These compounds were further evaluated in order to obtain IC 50 values (Table 3) to compare their activity to metronidazole. Complex 12 exhibited the highest activity giving an IC 50 value of 4.8 µM, while complex 13 displayed similar activity to 12. The 5-Cl mononuclear complex (9) exhibited activity 2-fold lower than 13.
Conclusions
A series of mono-(2-4) and bis-salicylaldimine (6-8) quinoline ligands were prepared using template procedures. Their corresponding neutral Rh(I) 1,5-cyclooctadiene complexes (9) (10) (11) (12) (13) (14) were also synthesized. The compounds were characterized using standard spectroscopic and analytical techniques. The data confirms coordination of the metal to the ligand in a bidentate manner to the imine nitrogen and the phenolic oxygen and not at the quinoline nitrogen. The compounds were screened for their antiplasmodial activity in vitro against two strains of P. falciparum. In the chloroquine-sensitive strain (NF54), the monomeric ligands (2-4) and the mononuclear complexes (9-11) exhibited enhanced activity compared to their dimeric counterparts. In the K1 strain, the monomeric ligands and complexes experienced a loss of activity as was evident by the higher RI values, suggesting that these complexes possess a similar activity profile to that of chloroquine. The dimeric derivatives exhibit comparable activity in the resistant and the sensitive strain, suggesting that the polyamine is beneficial for maintaining activity in the resistant strain. The increased number of protonation sites in the dimeric systems could allow for less efflux of these molecules out of the DV and therefore similar activity is observed in both strains. The monomeric systems were less effective at inhibiting β-haematin formation while the dimeric salicylaldimine ligands and complexes showed enhanced activity, possibly a consequence of their increased lipophilicity. Most of the dimeric derivatives showed increased cytotoxicity compared to their monomeric counterparts. The monomeric compounds exhibited substantial selectivity towards malaria parasites than WHCO1 cancer cells while the dimeric compounds showed lower selectivity, suggesting that cytotoxicity may be a reason for their antiplasmodial activity. The 5-Cl bis-salicylaldimine Rh(I) complex (12) showed the highest activity against the G3 isolate of T. vaginalis. Increased lipophilicity due to the polyamine scaffold and 5-Cl substituent appeared to promote enhanced activity. Despite the fact that the tested compounds did not possess activity comparable to commonly used antiparasitics, some valuable insight has been obtained from this study. Polyamine scaffolds could be used in order to overcome cross-resistance experienced by many quinoline-based compounds in different strains P. falciparum. The multinuclear nature of the complexes may also result in maintaining similar activity in CQ-sensitive and CQ-resistant strains of P. falciparum. Furthermore, the chlorido group plays an important role in antiparasitic activity, including activity against T. vaginalis, as well as β-haematin inhibition activity. Furthermore, lipophilicity is an important factor to consider when designing potential antiparasitic agents as this may largely influence the behaviour of these compounds in vitro. Perhaps in silico studies can be used to design similar derivatives with characteristics that are more effective in vitro.
Experimental
General details
Synthetic reactions were performed under an argon atmosphere at ambient temperatures unless otherwise stated. All reagents were purchased from Sigma Aldrich and used as received. Solvents were dried over Fluka Molecular Sieves with indicator. Nuclear magnetic resonance (NMR) spectra were recorded on a Varian Unity XR400 spectrometer ( General procedure to prepare 4-amino-7-chloroquinoline mono-imines 2-4
(N′-(7-Chloroquinolin-4-yl)-propane-1,3-diamine) (1) was suspended in diethyl ether (10 ml). To this, a slight excess of the desired salicylaldehyde in diethyl ether (10 ml) was added dropwise and the resulting mixture stirred at room temperature for 16 hours. The resulting precipitate was filtered using a Büchner funnel and washed with diethyl ether to remove excess aldehyde. The product was then dried in vacuo.
Mono-5-chlorosalicylaldimine quinoline 2. N′-(7-Chloroquinolin-4-yl)-propane-1,3-diamine (0.329 g, 1.40 mmol) was reacted with 5-chlorosalicylaldehyde (0.263 g, 1.68 mmol). The product (2) General procedure to prepare 4-amino-7-chloroquinoline mono-imine Rh(I) complexes 9-11
The appropriate ligand was dissolved in dry DCM (30 ml) and to this NaH was added in excess. The mixture was stirred at room temperature for 1.5 hours under argon. A solution of [RhCl(COD)] 2 in DCM (5 ml) was then added dropwise to the mixture and stirred for 3 hours at room temperature. After this time, water (20 ml) was added to the reaction mixture and the organic extract washed with water (3 × 20 ml). The organic layer was dried over anhydrous MgSO 4 . The drying agent was removed by filtration and the solvent of the resulting filtrate reduced under vacuum. The product was precipitated with n-hexane and filtered using a Büchner funnel. 
Antiplasmodial assay
Samples were screened in triplicate on one occasion against the chloroquine-sensitive NF54 strain and chloroquine-resistant K1 strains of Plasmodium falciparum. Continuous in vitro cultures of asexual erythrocyte stages of P. falciparum were maintained using a modified version of the method of Trager and Jensen. 63 Quantitative assessment of antiplasmodial activity in vitro was determined via the parasite lactate dehydrogenase assay using a modified method of that described by Makler et al. 64 The samples were prepared as a 20 mg ml −1 stock solution using DMSO and sonicated to enhance solubility. Samples were tested as a suspension if not completely dissolved. Stock solutions were stored at −20°C. Further dilutions were prepared on the day of the experiment. Chloroquine was used as the reference drug in all experiments. A full dose-response measurement was performed for all compounds to determine the concentration inhibiting 50% of parasite growth (IC 50 value). The samples were tested at a starting concentration of 1000 ng ml −1 , which was then serially diluted 2-fold in complete medium to give 10 concentrations; with the lowest concentration being approximately 2 ng ml −1 .
The same dilution technique was used for all samples. The highest concentration of solvent to which the parasites were exposed to had no measurable effect on the parasite viability. The IC 50 values were obtained using a non-linear doseresponse curve fitting analysis via Graph Pad Prism v.4.0 software.
β-Haematin inhibition assay
The β-haematin assay was adapted from the method described by Wright and co-workers. 51 Compounds were prepared as a 10 mM stock solution in DMSO. The samples were tested at various concentrations between 5 and 500 μM. The stock solution was serially diluted to give 12 concentrations in a 96 well flat-bottom assay plate. NP-40 detergent was added to mediate the formation of β-haematin (305.5 μM). A 25 mM stock solution of haematin was prepared by dissolving haemin (16.3 mg) in dimethyl sulfoxide (1 ml). A 177.76 μl aliquot of haematin stock was suspended in 20 ml of a 2 M acetate buffer at pH 4.7. The suspension was then added to the plate to give a final haematin concentration of 100 μM. The plate was then incubated for 16 hours at 37°C. The assay was analysed using the pyridine-ferrochrome method developed by Ncokazi and Egan. 52 32 μl of a solution of 50% pyridine, 20% acetone, 20%
water and 10% 2 M HEPES buffer ( pH 7.4) was added to each well. To this, 60 μl acetone was added to each well and mixed. The absorbance of the resulting complex was measured at 405 nm on a SpectraMax 340PC plate reader. The IC 50 values were obtained using a non-linear dose-response curve fitting analysis via Graph Pad Prism v.5.0 software.
Cytotoxicity (MTT) assay
The oesophageal cancer cell line WHCO1, derived from a primary oesophageal squamous cell carcinoma, was provided by Professor Rob Veale (University of the Witwatersrand, Johannesburg, South Africa). IC 50 determinations were carried out using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. 65 3000 cells were seeded per well in 96-well plates. Plates were incubated at 37°C under 5% CO 2 (24 hours), after which aqueous DMSO solutions of each compound (10 μL, with a constant final concentration of DMSO of 0.2%) were plated at various concentrations. After 48 hours incubation, observations were made, and MTT (10 μL) solution added to each well. After 4 hours of incubation, solubilisation solution (100 μL) was added to each well, and incubated overnight. Plates were read at 595 nm on a BioTek microplate reader, and IC 50 values calculated using Graph Pad Prism v.4.0. Package of GraphPad Software, San Diego, USA.
Antitrichomonal assay
Cultures of T. vaginalis G3 isolate were grown in 5 ml complete TYM Diamond's media in a 37°C incubator for 24 hours. 50 mM stock solutions of the compounds were made in DMSO and were screened. Cells untreated and inoculated with 5 µl DMSO were used as controls. 5 μl of 50 mM stocks of compound library were inoculated for a final concentration of 50 µM. Results were calculated based on counts utilising a haemocytometer after 24 hours.
